Incidentally discovered hepatocellular carcinomas (iHCC) are tumors which are discovered on the explanted liver which were not present on imaging prior to transplant. The natural history, histopathologic characteristics and prognosis of iHCC are not clearly defined. Methods: A retrospective analysis was performed to compare the characteristics of iHCC and established HCC within Milan criteria (eHCC) in patients who underwent liver transplantation at our center between 2000 and 2010. Results: During the study period a total of 975 adult patients were transplanted in our center; 124 (12.7%) patients had eHCC and 26 (2.6%) patients had iHCC. A larger number of patients with iHCC (73.1%) had ascites when compared to eHCC (41.3%) (p = 0.035). Patients with iHCC had a higher mean bilirubin (p < 0.001) and mean INR (p = 0.05) than patients with eHCC. Around 70% of patients with iHCC had a Model for End Stage Liver Disease (MELD) score greater than 15 at the time of listing while only 25% of patients with eHCC had a MELD greater than 15 at listing (p < 0.001). The mean alphafetoprotein (AFP) in patients with iHCC was significantly lower (11.6 ± 16.5) than the patients with eHCC (564.9 ± 2180; p = 0.024). In patients with iHCC, 30.8% had a multiple tumors and 23% had bilobar involvement. The average number of tumors was 1.6 (1 -5 What this Range?) and the cumulative tumor size was 2.1 cm (SD 1.4). The cumulative tumor size in iHCC was significantly smaller than in eHCC (mean 3.9 cm) (p = 0.035). American Joint Committee on Cancer (AJCC) T1 tumor stage was found in 58% of patients with iHCC and 48.4% of patients with eHCC (p = 0.829). The median survival was 9.47 years for iHCC (95% CI 7.0 -11.9) and 8.7 years (95% CI 6.1 -11.4) for eHCC (p = 0.328). While none of the patients with iHCC had recurrence of HCC, the incidence of recurrence in patients with eHCC was 6.4%. Conclusion: iHCC occurred in patients with more advanced liver disease than eHCC. AFP was usually not elevated in patients with iHCC. The cumulative tumor size of iHCC was smaller than eHCC but around a third of iHCC were multifocal, supporting the theory of multicentric hepatic carcinogenesis. Survival of patients with iHCC was similar to patients with eHCC and recurrence was not noted in patients with iHCC.
Introduction
Hepatocellular carcinoma (HCC) is a cancer of global importance with an incidence that is on the rise [1] . In the United States, the incidence has tripled over the last three decades with over 20,000 cases estimated to be diagnosed in 2011 [2] . The best curative option for HCC is early diagnosis, followed by transplantation when the tumor burden is still within the Milan criteria (defined as having one lesion <5 cm or up to three lesions <3 cm in diameter each) [3, 4] . But sometimes HCC is not diagnosed in the pretransplant evaluation and it is incidentally found in the explant liver. In this study we are exploring these patients who are incidentally diagnosed to have HCC after liver transplantation.
Ultrasound has been recommended for population based screening as it is inexpensive and easily available. Despite strong recommendations, there are a considerable number of cirrhotics who are not being screened for HCC. In a recent population-based cohort identified from the linked Surveillance, Epidemiology, and End Results registry (SEER)-Medicare databases, less than 20% of patients who developed HCC had received regular surveillance [5] . Though ultrasound is the modality used for screening, its sensitivity in detecting HCC is intermediate and has been reported to vary between 30% -70% [6, 7] . For patients who have undergone CT (computed tomography) or MRI, there has been concern regarding sensitivity in detecting small tumors [8] . So a combination of lack of screening and low sensitivity of radiologic tests can lead to the diagnosis of HCC being missed in the pretransplant period.
Incidentally discovered HCCs (iHCC) are tumors newly discovered on explant liver in patients who were transplanted for other benign indications. Lack of screening is probably not a contributor in this population as patients on the transplant list do have close follow up, and almost all of them have pretransplant liver imaging. The difficulty in diagnosing small HCC, as mentioned above, partly explains the occurrence of iHCC. Is the patient with iHCC different from patients with established HCC (eHCC)? This is a question of clinical relevance to patients who receive this diagnosis post-transplant. There are a few studies which have reported clinical outcomes of patients with iHCC but there is wide discrepancy in data [9] [10] [11] [12] [13] . In this study, we have tried to clarify some important aspects related to iHCC ranging from clinical features, to tumor characteristics and treatment outcome.
Methods

Patient Population
Nine hundred and seventy five adult liver transplants were performed at our center from 2000 to 2010. Our study population was limited to the 150 consecutive adult liver transplants (LT) performed for HCC during this time period. All other indications for LT were excluded from our study population. The study was approved by the Institutional Review Board at the University of Florida, Gainesville, FL.
Data Collection
The following data were collected for all patients: 1) demographics-age, sex, ethnicity; 2) tumor-related datasize and number of lesions in pretransplant imaging, occurrence of recurrence after LT; 3) pathologic features on explants-grade of tumor, degree of differentiation, and microvascular invasion; 4) laboratory parameters including liver function tests, creatinine, and serum [alpha]-fetoprotein (AFP) before transplant; 5) transplant datadate of listing and date of transplant; 6) post transplant outcomes measures-recurrence and survival data.
Pre Transplant Diagnosis
HCC was diagnosed according to the non-invasive radiologic criteria based on the AASLD guidelines [4] . All patients had a CT or MRI within 6 months of transplant, including those with iHCC. Only patients with tumor burden within Milan criteria were considered eligible for transplantation.
Explant Histopathology
For patients with iHCC, date of transplant was used as date of diagnosis. Pathologic examination was carried out on all explanted livers. They were examined for tumor size and number, tumor grade, histologic differentiation, and presence of vascular invasion. The American Joint committee on Cancer (AJCC)/International Union Against Cancer (UICC) staging system (6th edition) was used for staging the tumor in the explant [14] . For multifocal tumors, the cumulative tumor size was calculated by adding the longest diameter of each individual tumor.
Immunosuppression Regimens
Our institutional standard immunosuppression regimen consists of tacrolimus and prednisone. Immunosuppression was typically tapered to monotherapy (tacrolimus or cyclosporine) within four to six months of transplantation. Si-rolimus was also used when chronic renal insufficiency occurred during prolonged follow-up after LT. No switch in immunosuppression was made based on diagnosis of HCC.
Follow Up
After transplantation, all patients were followed up closely in clinic with blood draw for chemistries and AFP. They were screened for recurrence at 6 month intervals with ultrasound. If there was clinical suspicion for distant metastases then appropriate scans were ordered.
Study Objectives
The primary objective of the study was to compare the clinical presentation, histologic features and post-transplant outcome of patients with iHCC and eHCC.
Statistical Analysis
The chi square test was used to compare categorical variables and student t tests were used to compare continuous variables. Survival time was defined as the time from the time of transplant to the date of death or the date of last follow-up. Survival analysis was carried out using Kaplan-Meier Estimator method. Survival estimates were compared with log rank test in the Kaplan-Meier Estimator method. The SPSS Graduate version 16.0 (SPSS Inc., Chicago, IL) was used for all statistical analysis.
Results
During the study period of 2000-2010, a total of 975 patients were transplanted in our center and 150 (15.4%) of them had HCC. The incidence of iHCC in the study group was 2.6% (n = 26). bution between the two groups was similar. The mean age of patients in the study group was 55.2 ± 8.3 yrs and there was no difference in age between the two groups. The etiology of cirrhosis in patients with iHCC were hepatitis C (n = 15), alcoholic liver disease (n = 6), hepatitis B (n = 2), non-alcoholic steatohepatitis (n = 2) and others (n = 1).This distribution was also similar to patients with eHCC. Hepatitis C was the most common underlying etiologic category in both groups (58% in iHCC and 73% in eHCC).The mean time from diagnosis of eHCC to transplant was 2.9 months (4 days -44 months). The presence of ascites, encephalopathy and esophageal varices were recorded in all patients. Larger number of patients with iHCC (73.1%) had ascites when compared to eHCC (41.3%) (p = 0.035). Hepatic encephalopathy was present in 42.3% and varices were present in 38.4% of patient with iHCC, but this was similar to eHCC. Liver synthetic function appeared to be worse in patients with iHCC. Patients with iHCC had a higher mean bilirubin (p < 0.001) and mean INR (p = 0.05) than patients with eHCC. Around 70% of patients with iHCC had a Model for End Stage Liver Disease (MELD) score greater than 15 at the time of listing while only 25% of patients with eHCC had a MELD greater than 15 (p < 0.001).
The mean AFP in patients with iHCC was 11.6 (SD 16.5), while it was significantly higher in patients with eHCC 564.9 (SD 2180) (p = 0.024). In patients with iHCC 30.8% had multiple tumors and 23% had bilobar involvement. The cumulative tumor size in iHCC was 2.1 cm and this was significantly less than eHCC (mean 3.9 cm) (p = 0.035). When individual tumor nodules were considered, 80.8% (21/26) of patients had tumors less than 2 cm and 42.3% (11/26) had tumors less than 1cm in diameter. The incidence of microvascular invasion was not different between iHCC (19.2%) and eHCC (13.7%) (p = 0.222). AJCC T1tumor stage was found in 58% of patients with iHCC and 48.4% of patients with eHCC (p = 0.829).
Patients were followed for a mean duration of 4.27 yrs (range 0.1 -12.5 yrs). The median survival of patients with iHCC was 9.47 years (95% CI, 7.0 -11.9) and it was 8.7 years (95% CI 6.1 -11.4) in patients with eHCC (p = 0.328). The one and five year survival in patients with iHCC was 81% and 77%, respectively, and this was not significantly different from patients with eHCC (85% and 63%). The incidence of recurrence in patients with eHCC was 6.4% and none of the patients with iHCC had recurrence of HCC.
Discussion
In our study we found a low incidence of only 2.6% for iHCC. We also found that patients with iHCC had excel-lent post-transplant survival. The post-transplant survival in patients with iHCCwas similar to patients with eHCC. Further, there was no recurrence in the patients with iHCC.
The low rate of iHCC in our study is very much in line with previous reports. The rate of iHCC has varied widely in different case series, with older studies reporting higher incidence. One of the highest incidences was described in a study from 1996, where they reported an incidence of iHCC of 17.5% among 80 examined explants [15] . But more recent studies describe an incidence between 1.0% -6.7% with a median of 2.6% [9] . Other studies have reported similar results [9, 10] but there are a few studies which have shown that patients with iHCC actually do better than patients with eHCC [16] . This is probably attributed to the reported lower incidence of recurrence in the iHCC group [9, 10] .
We also found that the patients with iHCC had more advanced liver disease than patients with eHCC. The incidence of ascites was higher in iHCC, and patients also had a higher MELD score indicating worse synthetic function. The OPTN (Organ Procurement and Transplantation Network) and UNOS (United Network for Organ Sharing) use the MELD score for prioritizing organ sharing, as it is an indicator of short-term mortality. However, for patients with HCC, falling off the wait list due to the risk of tumor progressing beyond the Milan criteria influences more the short-term mortality than the liver synthetic function. [17] . So patients with pretransplant HCC get an exception pathway and are allocated a MELD score of 22 even if their original score is lower [18] . In our study, the median time from diagnosis of HCC to transplant was 2.9 months in patients with eHCC. So it is likely that most of these patients got this exception pathway to transplant, which explains why their MELD scores are lower than that of iHCC patients. In addition, HCC is known to occur in more advanced cirrhosis as the progressive scarring and inflammation lead to a tumorigenic milieu [19, 20] . Thus, patients with iHCC possibly were in early stages of carcinogenesis during their wait on the transplant list.
The cumulative tumor size of the iHCC in our study was statistically smaller than that of eHCC. This finding is probably due to the poor sensitivity of radiologic studies to detect smaller tumors. Once a lesion is detected on ultrasound, cross sectional imaging with multiphase CT is the most commonly used modality to confirm the diagnosis of HCC. Radiologic studies have reported varying sensitivities for the detection of lesions even with multiphase CT, with studies reporting lower sensitivities for smaller lesions [1] . In one study the detection rate of multidetector CT (MDCT) dropped from 98% (larger than 20 mm) to 78% for lesions smaller than 10 mm [21] . MRI has been another promising modality to diagnose HCC but it is not easily available and it is more costly. Similarly, MRI also has poor sensitivity to detect small lesions that can be as low as 33% [22] . The concern for the poor sensitivity of radiologic studies for small lesions is widely acknowledged. A recent review reported overall sensitivities for lesions less than 2 cm of various modalities to be 21% for US, 40% for enhanced CT and 47% for MRI [23] . The majority of the patients in the iHCC subgroup (more than 80%) had nodules less than 2 cm which probably explains why these lesions were missed on pretransplant cross sectional imaging.
There has long been a debate whether multiple HCCs in cirrhotics are predominantly due to multifocal carcinogenesis or if they originate from a single tumor and spread intrahepatically through metastasis. For clonality analysis, previous studies have used DNA fingerprinting with loss of heterozygosity (LOH) assay, comparative genomic hybridization (CGH), and hepatitis B virus (HBV) integration pattern [24] [25] [26] [27] . But discrimination between these two types of carcinogenesis is usually difficult. In our study, almost a third of iHCC were multifocal and 23% had bilobar involvement. The presence of small multifocal tumors on the explant suggests these are possibly of multicentric origin and not from intrahepatic metastases.
Some of the limitations to this study include that it is retrospective and it is a single center study. The number of patients with iHCC is small but it still is larger than most case series in the literature. We do have a control group of patients with eHCC which helps contrast the two groups. And we are able to compare clinicopathological data with clinical outcome while many studies report one or the other. Overall, our study does bring up some interesting observations which throw further light on HCC tumorigenesis and highlight the limitations of radiologic diagnosis.
Conclusion
The occurrence of finding an iHCC in patients undergoing liver transplantation for decompensated liver disease is very low. When found on explants these HCCs are usually small in size but can be multifocal coinciding with the more advanced liver disease present in these patients and the theory of multicentric hepatic carcinogenesis. Importantly, the patients who are found to have incidental HCCs after a liver transplant have an excellent post-liver transplant survival,similar to the patients with established HCC within Milan who receive a liver transplant. Further, findings an iHCC on a liver explant does not appear to lead to recurrence after liver transplantation. This information will be valuable to reassure and counsel patients who receive this diagnosis as an intimidating surprise in the post-transplant period.
